SUMMARY Because of the generally more rapid amino acid absorption and lower osmotic pressure of small peptides compared with free amino acids, it has been suggested that 'elemental' diets should contain both small peptides and free amino acids as the nitrogen source. While studying protein hydrolysates intended for use in such diets we observed surprising differences in the absorption of amino acids, water, and Na+ during jejunal perfusion of partial enzymic hydrolysates of two proteins (lactalbumin and fish) which contained high and approximately equal amounts of their constituent amino acids in the form of small peptides. Total oa amino nitrogen (aNH2N) absorption from the lactalbumin hydrolysate was greater, and individual amino acid absorption more even, than from equinitrogenous solutions of the fish protein hydrolysate, or from mixtures of free amino acids simulating either hydrolysate. Net water and Na+ absorption occurred during perfusion of the lactalbumin hydrolysate, whereas net water and Na+ secretion occurred during perfusion of the fish protein hydrolysate. These differences were significant (p< 005 or less). As the differences between the hydrolysates are so marked, we conclude that it is unwise to assume that all protein hydrolysates are equally suitable for use in patients.
The original rationale for the use of chemically defined elemental diets was to provide a low bulk formula of high nutrient content and complete digestibility.' Because it was then generally believed that dietary proteins were completely hydrolysed in the intestinal lumen and absorbed entirely as free amino acids, there was little reason to doubt that amino acids were an ideal nitrogen source. Since then, however, our concepts of the intestinal absorption of dietary protein have changed radically.2-4 The evidence now strongly suggests that specific systems exist which can mediate the transport of intact small peptides derived from the incomplete hydrolysis of dietary protein, and that such peptide transport may comprise a significant fraction of normal a amino nitrogen (ocNH2N) absorption.2 4 The more rapid and 'even' absorption of amino acid residues from protein hydrolysates than from equivalent mixtures of free amino acids alone5-may promote more efficient use of the *Presented in part to the American Gastroenterological Association meeting, New Orleans, 1979. tAddress for correspondence: Dr P D Fairclough, Department of Gastroenterology, St. Bartholomew's Hospital, West Smithfield, London ECI A 7BE Received for publication 6 June 1980 amino acid residues for protein synthesis.8 9 Thus, this evidence suggests that elemental diets should contain small peptides rather than, or as well as free amino acids.
The normal physiological events after the intake of food include stimulation of jejunal water and electrolyte absorption by components of the meal such as glucose,10 some amino acids" 12 and some peptides'2 13 It seems reasonable that 'synthetic' diets should do likewise.
While studying the absorption of protein hydrolysates intended for use in elemental diets, we noted surprising differences in the absorption of amino acids, water, and electrolytes induced by two protein hydrolysates containing a high and approximately equal amount of their constituent amino acids in the form of small peptides. This paper reports these differences and contrasts the effects of the peptidecontaining hydrolysates with those of equivalent mixtures containing only free amino acics. Table 2 ). Significantly more water (709 ± 29.8 ml/h/30 cm) and sodium (6.33 ±SEM 4-69 mMol/h/30 cm) was absorbed from the lactalbumin hydrolysate than the fish protein hydrolysate (H20, -12.8±SEM 20-4 ml/h/30 cm, P<0 05; Na+-3.2±SEMj± 2.85 mMol/h/30 cm, P<0-025).
Methods

ENZYMIC HYDROLYSATES AND AMINO ACID MIXTURES
The sodium content of the perfusion solutions containing the two hydrolysates was similar (Table lb) and this therefore cannot explain the observed differences in absorption rates of aNH2N, water, or sodium ion.
AMINO ACID MIXTURES
There was no difference in total ocNH2N absorption between the two amino acid mixtures (Table 2) . Comparison of the data presented in Tables 3 and  4 shows that with the exception of glutamic acid, which is absorbed to a greater extent from the amino acid mixture simulating the fish protein (26.6 A SEM 4-1 %) than from the lactalbumin amino acid mixture (13.2±SEM 34 %), the remainder of the amino acid residues were absorbed to a similar extent during perfusion of the two free amino acid solutions. Six amino acids were absorbed more rapidly from the fish protein hydrolysate than from its equivalent amino acid mixture (Table 3 ). The kinetic advantage in absorption of individual amino acids from the lactalbumin hydrolysate as compared with its amino acid mixture was, however, even more striking. No less than 11 amino acids were absorbed more rapidly from the hydrolysate ( Table 4 ). The sum of these increases in rate, of course, gives rise to the previously-mentioned increment in total ocNH2N absorption. The extent to which amino acids were absorbed form the free amino acid mixture simulating the fish protein hydrolysate varied by almost 10-fold (Table 3) , ranging from 54.0 ISEM 4-5% for methionine to 5.9±SEM 5-2% for histidine. The variation in the extent to which the amino acid residues were absorbed from the fish protein hydrolysate was considerably less (less than three-fold). This reduction in variation in extent of absorption is due to significantly greater absorption of those amino acids which were absorbed poorly from the amino acid mixture. Similarly there was an almost 10-fold variation in the extent to which the amino acid residues were absorbed from the free amino acid mixture simulating the lactalbumin hydrolysate. The extent of absorption varied from 64.2 ± SEM 8-3% for methionine to 6 7±SEM 2.5% for histidine. In contrast the lack of variation in extent of absorption of individual amino acid residues from the lactalbumin hydrolysate was striking (Table 4) . The nine amino acid residues which were least efficiently absorbed from the free amino acid mixture (phenyalanine, tyrosine, lysine, aspartic acid, serine, glycine, glutamic acid, threonine, and histidine) were all absorbed to a significantly greater extent from the lactalbumin hydrolysate (p <0 05 or less). In addition, leucine and valine were absorbed to a significantly greater extent from the lactalbumin hydrolysate (p <0-05).
Absorption rates of sodium and water were the same from the two amino acid mixtures (Table 2) .
Discussion
The present experiments have demonstrated marked differences in the jejunal handling of two protein hydrolysates in respect of total aNH2N and individual amino acid absorption, and their effects on water and sodium absorption. Furthermore, amino acid absorption from the hydrolysates was more 'even' than from the equivalent amino acid mixtures. This last is not a new observation but is more striking in the case of the lactalbumin hydrolysate than has previously been reported.67 Absorption of amino acids from individual di-and tripeptides is usually more rapid than from the equivalent free amino acids, particularly at high luminal concentration.3 The phenomenon of more rapid amino acid absorption from individual peptides and more even absorption from complex mixtures of peptides than from the equivalent free amino acids is now recognised to be due to the absorption into the enterocytes of intact small peptides by transport systems not available to free amino acids.4 17 Because the intestinal lumen after a normal meal contains a complex mixture of free amino acids and peptides3 18 and the time required for complete intraluminal protein digestion followed by absorption of the liberated free amino acids is too great for this sequence to account for normal protein absorption,3 19 the transport of intact di-and tripeptides is now considered likely to be of major importance in the assimilation of dietary protein.34 17 The reasons for the differences in kinetic advantage displayed by the two hydrolysates might lie either in qualitative or quantitative differences in their peptide constitution, or in the basic amino acid composition of the two starting proteins or in their methods of preparation. Because of the potentially enormous numbers of individual peptides in the hydrolysates and the overlap in molecular weights of peptides of different chain lengths it is impossible to estimate accurately the amount in the hydrolysates of any individual peptide or peptides of any given chain length. Thus, although we have estimated on the basis of molecular weights that both hydrolysates contain approximately the same amount of cxNH2N as di-to tetrapeptides, it could be that one contains a high proportion of dipeptides and the other a high proportion of tetrapeptides. As only one20 of the four studies of tetrapeptide absorption in mammals20-23 has shown a kinetic advantage of tetrapeptide over free amino acids (and that only at the highest concentration studied), one could postulate that a high content of tetrapeptide in the fish protein hydrolysate might account for the relatively meagre kinetic advantage of this hydrolysate over its equivalent amino acid mixture. However, until more studies of tetrapeptide absorption and more sophisticated methods of peptide sizing are available such an hypothesis cannot be tested. Likewise, the effects of qualitative differences in the peptide constitution of the hydrolysates remain to be examined.
In terms of the use of protein hydrolysates for oral feeding as components of elemental diets, the present results may have important consequences, in that it has been suggested that the more 'even' absorption of amino acids from protein hydrolysates containing small peptides may induce more efficient protein synthesis than when the amino acids are presented to the tissues at widely differing rates,8 9 21 24 such as may occur during absorption of a mixture of free amino acids. The present results, however, demonstrate that it is dangerous to generalise about the absorption of peptide mixtures, as their absorption characteristics may differ so markedly.
The feeding of peptides to normal people seems unlikely to have nutritional advantage over whole protein, both because of the enormous functional reserve capacity of the normal intestine, and because normal absorption in any case probably takes place from a mixture of amino acids and small peptides produced in the intestine from whole protein by the action of endogenous pancreatic proteases and brush border peptidases.17 18 However, if the phenomena seen during our perfusion experiments hold true after oral ingestion of these diets a suitable protein hydrolysate containing small peptides may have significant advantages over both whole protein or amino acid mixtures in patients with exocrine pancreatic insufficiency or loss of absorptive surface area due to disease or intestinal resection. Again, however, we suggest that each peptide preparation needs testing in its own right.
The products of digestion of a normal meal stimulate the absorption of ingested and secreted water and sodium ion.'F'3 Compared with isotonic saline-from which little net water or sodium absorption occurs from solutions perfused in the human jejunum10 1213 25 26-glucose,10 amino acids,' 12 peptides12 13 and bicarbonate ion26 in solutions made isotonic by adding sodium chloride stimulate jejunal water and sodium absorption. The importance and magnitude of this 'solute-associated' water and sodium absorption is illustrated by the reversal of the net intestinal secretion in cholera by enteral administration of glucose or amino acids, but not by enteral isotonic saline.27 The lactalbumin preparation had the expected stimulatory effect on water and sodium absorption but, surprisingly, this was not shared by the fish protein preparations. We cannot, at present, explain the different effects of the two hydrolysates on water and electrolyte absorption. Differences in either the methods of preparation, the peptide or free amino acid composition of the hydrolysates or the amino acid composition of the starting proteins could be responsible. Thus, the fish protein hydrolysate contains greater amounts of glutamine, asparagine, glycine, and arginine con-taining peptides than the lactalbumin hydrolysate; this raises the possibility that some of these peptides may be inhibitory to intestinal function. However, it is interesting that water and sodium absorption induced by the two hydrolysates is paralleled by that induced by the mixtures of free amino acids, but, possibly because the amino acid mixtures were not compared 'within-subject', the differences fail to reach statistical significance.
In practical terms, however, it would seem only sensible to choose for use in patients with reduced absorptive capacity or excessive enteric loss of endogenous secretions a synthetic diet which stimulates significant intestinal water and sodium absorption, rather than one which does not do so.
Additional studies are being performed to establish whether the phenomena seen during our perfusion studies are reproduced in a more physiological situation, and whether such considerations as we have outlined are of importance in either the eventual use of the absorbed amino acids for protein synthesis or in the water and sodium balance of patients in whom physicians may consider giving elemental diets. 
